Two types of anode supported solid oxide fuel cell (SOFC) NiO-YSZ/YSZ/GDC/LSCF with the same structure and different manufacturing process were tested. Gas leakage was suspected for cells manufactured with screen printing technique. Effective leak current densities for both types of cells were calculated. Their performances of electrochemical impedance spectroscopy (EIS) were compared and distribution function of relaxation times (DRT) technique was also used to find the clue of gas leakage. Finally, thinning and penetrating holes were observed in electrolyte layer, which confirmed the occurrence of gas leakage.
Introduction
Solid oxide fuel cell (SOFC) is a new kind of energy conversion device, which can directly convert chemical energy to electricity [1] . SOFCs are especially suitable for combined heat and power systems and on mobile power systems, such as portable computers, mobile telephones, and military communication equipment [2] . During applications, working parameters are important for SOFCs, among which gas leakage is worth to be considered. Not only will the fuel efficiency decrease, but the gas leaked from cells may mix with oxygen outside and leads to explosion at high temperatures in test rigs, which becomes a big safety problem. Therefore, increased attention has been paid on gas leakage during cell testing.
Ideally, the electrolyte between the anode and cathode in SOFC should be absolutely densified, which means the porosity of the electrolyte layer should be zero. However, small pores in electrolyte cannot be avoided. If small pores are connected, electrolyte will be penetrated, leading to internal gas leakage between anode and cathode side, which significantly reduces the performance of cells.
In practice, special test rigs are often especially established for testing of gas leakage of SOFCs [3] [4] [5] . It can detect gas leakage with high precision. However, it is time-consuming and cannot give feedback during fuel testing in test rigs. Rasmussen et al. introduced a method of gas leakage calculation by measuring partial pressure of anode and cathode side. In this paper, this method was used with additional analysis of EIS. DRT was also calculated for analysis of cell behavior. Two types of anodesupported planar SOFC with same structure and different manufacturing procedures were adopted for their performances test.
Experimental
As mentioned above, two types of anode-supported planar SOFC were tested, namely Cell A and Cell B. The manufacturing procedure of Cell A was described in Ref. [6] . The cell consisted of a NiO/YSZ anode support (300 μm), an active NiO/YSZ anode (15~20 μm), a dense YSZ electrolyte film (10 μm), a GDC barrier layer at cathode side (10 μm) and a LSCF porous cathode (20 μm). Cell B had the same structure as Cell A. The main difference between the two types of cells was the manufacturing technique. The electrolyte layer of Cell A was fabricated by screen printing, while the electrolyte layer of Cell B was fabricated by isostatic pressing described in Ref. [7] . The active area of both types of cells were 4 cm × 4 cm. The cells were tested in the same test setup mentioned in Ref. [8] . Partial pressure of oxygen was measured during test by Analysis of impedance data by DRT method was carried out using Ravdav [9] . To check the leak change with gas supply, variable flow rates of hydrogen (5~30 L/h) and air (8~170 L/h) were also used. At last, microstructure of cross sections of Cell A was observed using TM3000 Telescope (Hitachi Ltd., Japan).
Results and discussion
Cell characterization Next, OCV losses compared with theoretical values at different temperatures and fuel compositions were calculated for both types of cells in Fig. 3 and Fig. 4 . The OCV losses of Cell A were approximately doubled at every test condition compared with Cell B. Besides, the OCV loss of test cells were very sensitive to the change of steam content in hydrogen supplied to anode side. Meanwhile, negligible changes happened when temperatures varied, indicating that the occurrence of OCV losses were dominated by temperature-independent procedures in cells. According to Ref. [10] , if gas leakage occurs in test cell, the influences of N2 to anode and H2 to cathode are both negligible in comparison with the influence of O2 to anode, because it can significantly increase the partial oxygen pressure in anode side which should be kept in a very low value. Formulas in ref. [10] were adopted in this paper for the calculation of effective leak current, in which full responsibility of gas leakage to OCV loss was hypothesized. The results are shown in Fig. 5 and Fig. 6 . Leaks at inlet in both cells were negligible, indicating good sealing conditions in cell testing. However, two to three times of leak current density was calculated for Cell A as Cell B. Furthermore, leak current density was almost constant with the change of air flow at cathode side except for extremely small flow rate, while it raised in cell with the increase of H2 flow rate at anode side. Cross sections of Cell A after testing were observed after polishing using SEM. Several defects in the electrolyte layer were found. According to Fig. 9, thinning (Fig.  9-(a) ), small holes of around 2 μm (Fig. 9-(b)(c) ) and large holes of around 10 μm (Fig.  9-(d) ) in diameter can be found in the electrolyte layer of Cell A. The penetrating holes certainly led to gas leakage inside test cells. The amount of such defects was expected to be relatively small, as the test cell of Type A could still be working in a steady state and no gigantic drop of voltage and power was observed.
Electrochemical measurement

Conclusion
Cell characterization and electrochemical measurement were performed for two types of NiO-YSZ/YSZ/GDC/LSCF anode supported SOFC. Gas leakage in Cell A was suspected and calculated with the data of partial oxygen pressure measured from the gas inlet, anode side and gas outlet. Several clues of gas leaks were analyzed and finally observed with the assistance of SEM.
Although the discussion above is not quite accurate compared with results from specifically designed gas leakage test setups, it shows a simple way for gas leakage detection during cell testing at low cost, which is quite meaningful during the application of SOFC. 
